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(57) A fuel injection valve (10) is provided with a 
valve needle (1 05) which is urged by the pressure of fuel 
in a control chamber (109) to a closed position where 
the valve needle (105) closes the fuel injection hole 
(103). A supply passage (209) with a throttled portion 
connects a high pressure fuel passage (1 23) to the con- 
trol chamber (109). The control chamber (109) is con- 
nected to a leak chamber (130) by two return passages 
(201 ,203). The leak chamber (1 30) has a leak passage 
(117) for spilling fuel in the leak chamber (130) to the 
outside of the fuel injection valve (10). A control valve 
(300) is provided in the leak chamber (130). The control 
valve (300) is capable of taking any of a closed position 
where the leak passage (117) is closed, a medium lift 
position where the leak passage (117) and two return 
passages (201,203) are opened, and a full lift position 
where the leak passage (117) and only one return pas- 
sage (201 )are opened. I n the closing position of the con- 
trol valve (300), the pressure in the control chamber 
(109) is high and the valve needle (105) is kept at the 
closing position. In the medium lift position and the full 
lift position, fuel in the control chamber (109) is spilled 
through the leak passage (117) via return passages 
(201 ,203) and the leak chamber (130). This causes the 
valve needle (105) to move to the position where the 
fuel injection hole (103) is opened. However, at the full 
lift position, since only one return passage (201) is 
opened, the rate of the pressure drop in the control 
chamber (1 09) is smaller and the speed of the lift of the 
valve needle (105) is lower. Therefore, the fuel injection 
characteristics can be changed by switching the position 
of the control valve (300) between the medium lift posi- 
tion and the full lift position during fuel injection. 
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Description 




TECHNICAL FIELD 

[0001 ] The present invention relates to a fuel injection 5 
valve. More specifically, the present invention relates to 
a fuel injection valve used for a common -rail type fuel 
injection system. 

BACKGROUND ART 

[0002] A common-rail fuel injection system of an in- 
ternal combustion engine is known in the art. In a com- 
mon-rail fuel injection system, high pressure fuel is sup- 
plied to a reservoir (a common rail) and distributed to 
respective fuel injection valves from the reservoir. Since 
high pressure fuel is always stored in the reservoir in the 
common-rail fuel injection system, high fuel injection 
pressure from fuel injection valves can be maintained 
regardless of the engine speed. When a conventional 
shaft driven fuel injection pump (a so-called jerk-type 
fuel injection pump) is used, the fuel injection pressure 
becomes lower as the engine speed decreases. There- 
fore, compared with a fuel injection system employing 
a jerk-type fuel injection pump, since the fuel injection 
pressure can be set at a high value, better atomization 
of fuel can be obtained at a low engine speed using the 
common-rail fuel injection system. Thus, the condition 
of combustion and exhaust gas emission at a low speed 
operation can be improved in the common-rail fuel in- 
jection system. 

[0003] However, there is a drawback in the common- 
rail fuel injection system. In a jerk-type fuel injection 
pump, the fuel injection pressure is relatively low at the 
beginning of fuel injection and increases towards the 
end of fuel injection. Generally, fuel injected at the be- 
ginning of fuel injection largely contributes to the in- 
crease in the temperature in the combustion chamber. 
Therefore, if a large amount of fuel is injected at the be- 
ginning of fuel injection, the amount of NO x (nitrogen ox- 
ide) formed by the combustion increases due to an in- 
crease in the combustion temperature. The fuel injection 
characteristics of the jerk-type fuel injection pump is 
preferable from the standpoint of reduction of NO x since 
the fuel injection rate is low at the beginning of the fuel 
injection due to low fuel injection pressure at the begin- 
ning of fuel injection. Thus, the amount of fuel injected 
from fuel injection valves at the beginning of the fuel in- 
jection is relatively small in the jerk-type fuel injection 
pump and formation of NO x is suppressed. 
[0004] On the other hand, because the fuel injection 
pressure is substantially constant during fuel injection, 
the amount of fuel injected at the beginning of fuel in- 
jection becomes relatively large. This causes an in- 
crease in the amount of NO x formed by combustion. 
[0005] In order to overcome this drawback, fuel injec- 
tion valves having fuel injection characteristics the same 
as that of the jerk-type fuel injection pump even under 
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a constant fuel injA ■ pressure of common-rail fuel 
injection system hav^^een proposed. 
[0006] A fuel injection valve of this type is disclosed, 
for example, in Japanese Unexamined Patent publica- 
tion (Kokai) No. 5-71438. 

[0007] The fuel injection valve in the '438 publication 
is provided with a back pressure chamber (a control 
chamber) which holds high pressure fuel in order to urge 
a needle toward a position in which the needle closes a 
fuel injection hole. Further, a solenoid operated three- 
way valve which communicates the back pressure 
chamber with a high pressure fuel passage and a low 
pressure fuel passage selectively is provided. When the 
three-way valve is kept at a position where the back 
pressure chamber is connected to the high pressure fuel 
oil line, since a high pressure fuel oil is supplied to the 
back pressure chamber, the needle is kept at the posi- 
tion closing the fuel injection hole and, thereby, the fuel 
injection valve is closed. 

[0008] When the three-way valve is switched to the 
position where the back pressure chamber is connected 
to a low pressure fuel line, the pressure in the back pres- 
sure chamber is lowered and the needle moves to a po- 
sition where the fuel injection hole is opened. The fuel 
injection valve in the '438 publication is further provided 
with a control valve on the passage connecting the 
three-way valve to the low pressure fuel line. The control 
valve is capable of taking three positions, i.e., a first po- 
sition which completely blocks the flow of fuel oil from 
the back pressure chamber to the low pressure fuel line, 
a second position which allows a partial flow of fuel oil 
from the back pressure chamber to the low pressure fuel 
line and a third position which allows a full flow of fuel 
oil from the back pressure chamber to the low pressure 
fuel line. 

[0009] In the '438 publication, the three-way valve is 
switched to the position where the back pressure cham- 
ber is connected to the low pressure fuel line during fuel 
injection. Further, the control valve is switched to the 
second position at the beginning of fuel injection and 
held at the third position thereafter. 
[001 0] When the control valve is switched to the sec- 
ond position at the beginning of fuel injection, a partial 
flow of fuel oil from the back pressure chamber to the 
low pressure fuel line is established and the pressure in 
the back pressure chamber decreases slightly. This 
causes the needle to lift a small amount and to slightly 
open the fuel injection hole at the beginning of fuel in- 
jection. When the control valve is switched to the third 
position, since a full flow of fuel oil from the back pres- 
sure chamber to the low pressure fuel line is estab- 
lished, the pressure in the back pressure chamber large- 
ly drops. This causes the needle to lift largely and fully 
open the fuel injection hole. Thus, the amount of fuel 
injected from the fuel injection hole is small at the be- 
ginning of fuel injection and becomes larger during the 
rest of the fuel injection period. In other words, the fuel 
injection characteristics of the fuel injection valve in the 
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'438 publication is such fuel injection rate is 

small at the beginning of f^^ijection and large during 
the rest of fuel injection period, i.e., fuel injection char- 
acteristics the same as those of the jerk-type fuel injec- 
tion pump can be obtained even if the fuel injection valve 5 
of the '438 publication is used in a common-rail fuel in- 
jection system. 

[0011] However, the fuel injection valve in the '438 
publication also has a significant drawback in that it re- 
quires two solenoid operated valves (i.e., the three-way 
valve and the control valve) in order to obtain the fuel 
injection characteristics having low fuel injection rate at 
the beginning of fuel injection and high fuel injection rate 
during the rest of fuel injection period. 
[0012] When the solenoid operated valves are used, 
the size of the fuel injection valve increases and the con- 
struction thereof becomes complicated. Further, since 
the respective valves operate simultaneously, separate 
electric sources are required for the respective valves. 
In addition to that, since the operation timing of two 
valves must be controlled precisely in order to obtain 
desired fuel injection characteristics, a complicated con- 
trol is required for the operation of the valves. 
[0013] Further, in diesel engines, a pilot fuel injection 
is performed before a main fuel injection in some cases. 
When a pilot fuel injection is performed, it is sometimes 
preferable to change the fuel injection characteristics of 
the pilot fuel injection from that of the main fuel injection 
in accordance with the engine operating conditions. 
However, though the fuel injection valve in the '438 pub- 
lication is capable of providing fuel injection character- 
istics having a low fuel injection rate at the beginning 
and a high fuel injection rate during the rest of the fuel 
injection period, it is not possible to employ different fuel 
injection characteristics for the pilot fuel injection and 
main fuel injections. 

DISCLOSURE OF INVENTION 

[001 4] In view of the problems in the related art as set 
forth above, the object of the present invention is to pro- 
vide a fuel injection valve having a compact and simple 
construction and capable of changing its fuel injection 
characteristics according to the engine operating condi- 
tions when used in a common-rail fuel injection system. 
[0015] According to the present invention, there is 
provided a fuel injection valve comprising a housing pro- 
vided with a fuel injection hole at one end thereof, a high 
pressure fuel passage connected to the fuel injection 
hole, a valve needle for opening and closing the fuel in- 
jection hole, a control chamber formed in the housing at 
an end of the valve needle opposite to the fuel injection 
hole, a supply passage connecting the high pressure fu- 
el passage and the control chamber for supplying high 
pressure fuel to the control chamber so that the pressure 
in the control chamber urges the valve needle toward a 
position where the valve needle closes the fuel injection 
hole, at least two spill passages connected to the control 
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chamber for lowed pressure in the control cham- 
ber by spilling fuel ii^re control chamber to the outside 
of the housing so that the valve needle moves towards 
a position where the valve needle opens the fuel injec- 
tion hole, a control valve for opening and closing the spill 
passages, the control valve is capable of taking either 
of a first position where all of the spill passages are 
closed, a second position where at least one of the spill 
passages is opened and at least one of the spill passag- 
es is closed and a third position where all of the spill 
passages are opened. 

[0016] According to the present invention, the control 
chamber is connected to the high pressure fuel passage 
and high pressure fuel is always supplied to the control 
chamber. The pressure in the control chamber urges the 
valve needle toward the position where it closes the fuel 
injection hole. Fuel injection is initiated by lowering the 
pressure in the control chamber by spilling fuel in the 
control chamber through spill passages. The fuel injec- 
tion characteristics are adjusted by controlling the rate 
of pressure drop by adjusting the flow rate through the 
spill passages. In this embodiment, in order to adjust the 
flow rate of fuel flowing through the spill passages, a 
control valve capable of taking three positions is provid- 
ed. 

[0017] When the control valve takes a first position, 
all of the spill passages are closed. Since no spillage of 
fuel from the control chamber occurs in this condition, 
the pressure in the control chamber is kept at a high val- 
ue due to fuel supplied from the high pressure fuel pas- 
sage. Thus, the valve needle is held at the position 
where the fuel injection hole is closed, thereby fuel in- 
jection does not occur. 

[0018] When the control valve takes a second posi- 
tion, since at least one of the spill passages is opened 
and at least one of the spill passages is closed at this 
position, fuel in the control chamber flows out from the 
control chamber through only the opened spill passag- 
es. Therefore, the pressure in the control chamber de- 
creases at a relatively low rate. This causes the valve 
needle to move toward the position where the fuel injec- 
tion is opened at a relatively low speed, and thereby fuel 
injection is started. However, since the speed of the 
movement of the valve needle is relatively low, the fuel 
injection rate increases at a relatively low rate when the 
control valve takes the second position. 
[0019] When the control valve takes a third position, 
since all of the spill passages are opened, a relatively 
large amount of fuel flows out from the control chamber 
through all of the spill passages. Therefore, the pressure 
in the control chamber decreases rapidly at the second 
position of the control valve. This causes the valve nee- 
dle to move toward the position where it opens the fuel 
injection hole, and thereby fuel injection is carried out 
with a relatively large increase in the fuel injection rate 
when the control valve takes the third position. Thus, 
according to the present invention, the fuel injection 
characteristics can be changed by switching the position 



EP 1 164 283 A2 



15 



20 



25 



30 



35 



40 



45 



50 



BEST AVAILABLE COPY 



EP 1 164 283 A2 



of the control vafve betv^^ne second and the third 
position during the fuel inje^ron. 
[0020] According to the present invention, there is fur- 
ther provided a fuel injection valve comprising a housing 
provided with a fuel injection hole at one end thereof, a 
high pressure fuel passage connected to the fuel injec- 
tion hole, a valve needle for opening and closing the fuel 
injection hole, a control chamber formed in the housing 
at an end of the valve needle opposite to the fuel injec- 
tion hole, a leak chamber connected to the control 
chamber through at least two return passages, a leak 
passage connecting the leak chamber to a low pressure 
portion outside of the housing and a supply passage 
connecting the high pressure fuel passage and the leak 
chamber for supplying high pressure fuel to the leak 
chamber and a control valve disposed in the leak cham- 
ber and provided with a valve element for closing and 
opening the leak passage, the control valve is capable 
of taking either of a first position where the valve element 
closes the leak passage while opening all of the return 
passages, a second position where the valve element 
opens the leak passage while closing at least one of the 
return passages and opening at least one of the return 
passages and a third position where the valve element 
opens the leak passage and all of the return passages, 
when the control valve takes the first position, fuel flow- 
ing into the leak chamber from the supply passage flows 
into the control chamber through all of the return pas- 
sages and, thereby, the pressure in the control chamber 
increases and urges the valve needle toward a position 
where the valve needle closes the fuel injection hole, 
when the control valve takes either of the second posi- 
tion and the third position, fuel flowing into the leak 
chamber from the supply passage flows out from the 
leak chamber through the leak passage and, simultane- 
ously, fuel in the control chamber flows out from the con- 
trol chamber and is spilled to the outside of the housing 
via the leak chamber and the leak passage and, thereby, 
the pressure in the control chamber decreases and al- 
lows the movement of the valve needle toward a position 
where the valve needle opens the fuel injection hole. 
[0021] According to the present invention, the control 
valve is not directly connected to the high pressure fuel 
passage, i.e., the high pressure fuel passage is connect- 
ed to the leak chamber. Therefore, when the control 
valve takes the second or third positions, high pressure 
fuel from the high pressure fuel passage is spilled from 
the leak passage without flowing into the control cham- 
ber. Thus, the pressure in the control chamber decreas- 
es even if the pressure in the high pressure fuel passage 
is very high. Further, when the control valve takes the 
first position, since the leak passage is closed, fuel from 
the high pressure fuel passage flows into the control 
chamber through all of the return passage. Therefore, 
the pressure in the control chamber increases rapidly 
and the valve needle closes the fuel injection hole in a 
short time. 
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[0022] The present Invention will be better understood 
from the description as set forth hereinafter, with refer- 
5 ence to the accompanying drawings in which: 



Fig. 1 schematically shows the general configura- 
tion of an embodiment when the fuel injection valve 
of the present invention is used in a common-rail 
fuel injection system for an automobile diesel en- 
gine; 

Fig. 2 is a longitudinal section view of a fuel injection 
valve according to an embodiment of the present 
invention; 

Fig. 3 is an enlarged section view of a part of the 
fuel injection valve in Fig. 2 showing the control 
valve at its closing position; 
Fig. 4 Is an enlarged section view showing the con- 
trol valve at its medium lift position; 
Fig. 5 is an enlarged section view showing the con- 
trol valve at its full lift position; 
Fig. 6 is an enlarged section view similar to Fig. 3, 
showing another embodiment of the present inven- 
tion; 

Fig. 7 is an enlarged section view showing a modi- 
fication of the embodiment in Fig. 6; 
Fig. 8 is a timing chart explaining a first embodiment 
of the fuel injection characteristics obtained by the 
fuel injection valve according to the present inven- 
tion; 

Fig. 9 is a timing chart explaining a second embod- 
iment of the fuel injection characteristics obtained 
by the fuel injection valve according to the present 
invention; 

Fig. 10 is a timing chart explaining a third embodi- 
ment of the fuel injection characteristics obtained 
by the fuel injection valve according to the present 
invention; 

Fig. 11 is a timing chart explaining a fourth embod- 
iment of the fuel injection characteristics obtained 
by the fuel injection valve according to the present 
Invention; 

Fig. 12 is a timing chart explaining a fifth embodi- 
ment of the fuel injection characteristics obtained 
by the fuel injection valve according to the present 
invention; 

Fig. 13 is a partial enlarged section view of a fuel 
injection valve according to an embodiment differ- 
ent from Figs. 2 to 7; and 

Fig. 14 is a partial enlarged section view of a fuel 
injection valve showing a modification of the em- 
bodiment in Fig. 13. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0023] Hereinafter, an embodiment of the present in- 
vention will be explained in detail with reference to the 
accompanying drawings. 
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[0024] Fig. 1 schematk^^wows a fuel injection sys- 
tem of an automobile dieseroigine which utilizes a fuel 
injection valve according to an embodiment of the, 
present invention. 

[0025] In Fig. 1, reference numeral 1 designates an 
internal combustion engine (in Fig. 1 , a four-cylinder die- 
sel engine having No. 1 to No. 4 cylinders is used), and 
10a to 10d designate fuel injection valves for injecting 
fuel directly into the respective No. 1 to No. 4 cylinders. 
The fuel injection valves 10a to 1 0d are connected to a 
reservoir (a common-rail) 3 by respective high pressure 
fuel pipes 1 1 a to 1 1 d. The common-rail 3 stores pressu- 
rized fuel supplied from a high pressure fuel pump 5 and 
distributes high pressure fuel to the respective fuel in- 
jection valves 1 0a to 1 0d through the high pressure fuel 
pipes 11a to 11 d. 

[0026] The high pressure fuel pump 5 in this embod- 
iment is, for example, a plunger-type pump with a ca- 
pacity control mechanism and pressurizes fuel supplied 
from a fuel tank (not shown) to a predetermined pres- 
sure. The amount of fuel supplied to the common-rail 3 
is feedback-controlled by an electronic control unit 
(ECU) 20 so that a predetermined target pressure of fuel 
in the common-rail 3 is always maintained. Therefore, 
the fuel pressure in the common-rail 3 (i.e., the fuel in- 
jection pressure of the fuel injection valves 10a to 1 0d) 
can be set at a high value even when the engine speed 
is low. Further, though a part of fuel in the common-rail 
3 flows out from the common-rail 3 when fuel is injected 
from the fuel injection valves 10a to 10d, the fuel pres- 
sure in the common-rail 3 does not change much be- 
cause the volume of the common-rail 3 is much larger 
than the volume of fuel injected by one fuel injection. In 
other words, the fuel pressure in the common-rail 3 (i. 
e., fuel injection pressure) is maintained substantially 
constant during the fuel injection period of the respective 
fuel injection valves 10a to 10d. 
[0027] In Fig. 1 , reference numeral 20 designates an 
* electronic control unit (ECU) 20 which controls the en- 
gine 1 . The ECU 20 may be constructed as a micro com- 
puter of known type and be provided with a read-only 
memory (ROM), a random access memory (RAM), a mi- 
cro processing unit (CPU) connected to each other by 
a bidirectional bus. The ECU 20 in this embodiment per- 
forms fuel pressure control in which the common-rail fu- 
el pressure is controlled at a target value determined 
from the engine operating conditions by adjusting the 
discharge capacity of the high pressure fuel pump 5. 
The ECU 20 further performs basic control of the engine 
such as the fuel injection control which controls the fuel 
injection timing and the fuel injection amount by adjust- 
ing opening timing and period of the respective fuel in- 
jection valves 1 0a to 1 0d. 

[0028] In this embodiment, a fuel pressure sensor 27 
is disposed on the common-rail 3 in order to detect the 
pressure of fuel in the common-rail 3. Further, an accel- 
erator sensor 21 is disposed near the accelerator pedal 
(not shown) of the engine 1 in order to detect the accel- 



erator opening de^^ne amount of accelerator pedal 
depression byadriverof the vehicle). Reference numer- 
al 23 in Fig. 1 is a cam angle sensor for detecting the 
rotational phase angle of the camshaft of the engine 1 
s and numeral 25 is a crank angle sensor for detecting the 
rotational phase angle of the crankshaft of the engine 1 . 
The crank angle sensor 23 is disposed near the cam- 
shaft and outputs reference pulse signal at every 720 
degrees of crankshaft rotation. The crank angle sensor 
10 25 is disposed near the crankshaft of the engine 1 and 
outputs crank angle pulse signal at, for example, every 
15 degrees rotation of the crankshaft. 
[0029] The ECU 20 calculates the engine speed from 
the interval of the crank angle pulse signal from the 
is crank angle sensor 25. The ECU 20 further calculates 
the fuel injection timing and the fuel injection amount of 
the fuel injection valves 1 0a to 1 0d based on the calcu- 
lated engine speed and the accelerator opening degree 
detected by the accelerator sensor 21 . Any known meth- 
20 od for calculating the fuel injection timing and the fuel 
injection amount can be used in this embodiment. 
[0030] Next, the construction of the fuel injection 
valves 10a to 10d will be explained. Since the fuel injec- 
tion valves 10a to 10d are identical, the fuel injection 
25 valves 1 0a to 1 0d are generally designated by reference 
numeral 10 in the explanation hereinafter. 
[0031] Fig. 2 is a longitudinal section view of the fuel 
injection valve 10 in this embodiment. 
[0032] In Fig. 2, numeral 101 denotes a housing of the 
30 fuel injection valve having a substantially cylindrical 
shape, 1 03 denotes an injection hole formed at the bot- 
tom of the housing 1 01 , 1 05 denotes a valve needle of 
the fuel injection valve 10. 

[0033] Numeral 123 is a high pressure fuel passage 

35 formed in the housing 101. The high pressure fuel pas- 
sage 1 23 is connected to the common-rail 3 through the 
high pressure fuel pipe (1 1 a to 1 1 d in Fig. 1 ) at one end 
thereof and connected to a pressure chamber 107 
formed around the valve needle 105 at the portion be- 

40 neath a needle guide portion 105a thereof. When the 
fuel injection valve 1 0 is closed, the tip of the valve nee- 
dle 105 is urged to a nozzle seat formed around the in- 
jection hole 1 03 and closes the injection hole 1 03. In this 
position, the pressure in the pressure chamber 1 07 urg- 

45 es the valve needle 1 05 upwardly (in the direction open- 
ing the injection hole 103, i.e., a valve opening direc- 
tion). The upward force exerted on the valve needle 1 05 
is equal to the fuel pressure in the pressure chamber 
107 multiplied by the pressure receiving area (i.e., the 

so area calculated by subtracting the area of the nozzle 
seat (1 05c) from the area of the cross section of the nee- 
die guide portion 105a). 

[0034] In the housing 101, a control chamber 109 is 
formed at the end of the valve needle 1 05 opposite to 
55 the injection hole 1 03. As explained later, the high pres- 
sure fuel passage 1 23 is connected to the control cham- 
ber 109 and the fuel pressure therein exerting on the 
end (a command piston portion) of the valve needle 1 05 
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urges the valve needle i^^Mownward direction (i.e., 
avalveclosingdirection).^TOier,aspring111 for urging 
the needle 1 05 in the closing direction is disposed in the, 
control chamber 1 09 . When the pressure in the pressure 
chamber 107 and the pressure in the control chamber 5 
1 09 are the same, the needle 1 05 is urged by the spring 
1 1 1 in the closing direction. Thus, the needle 1 05 is held 
at the position closing the injection hole 103 by the 
spring 111 and, thereby, an erroneous fuel injection due 
to the upward movement of the needle 105 caused by 10 
the pressure in a combustion chamber is prevented. 
[0035] In the housing 101 , a leak chamber 130 which 
is connected to the control chamber 109 by return pas- 
sages 201 and 203 is disposed as explained later. The 
leak chamber 130 is connected to a low fuel pressure *5 
part outside of the fuel injection valve (such as fuel tank) 
by a leak passage 1 1 7. Numeral 300 in Fig. 2 is a control 
valve for blocking the communication between the leak 
chamber 130 and the leak passage 117. 
[0036] The control valve 300 is hydraulically connect- 20 
ed to a piezoelectric actuator 303 via a hydraulic cham- 
ber 301 . The piezoelectric actuator 303 is provided with 
a piston 305 facing the hydraulic chamber 301 . When 
an electric voltage is applied to the piezoelectric actua- 
tor 303, the piston 305 moves downward and the 25 
amount of displacement thereof corresponds to the ap- 
plied voltage. The displacement of the piston 305 is 
transmitted to the upper end of the control valve 300. 
This causes the control valve to move downward by an 
amount calculated by multiplying the ratio between the 30 
cross sectional areas of the piston 305 and the upper 
portion of the control valve 300 by the amount of the 
displacement of the piston 305. Therefore, by applying 
electric voltage to the piezoelectric actuator 303, the 
control valve 300 moves downward by the amount cor- 35 
responding to the applied electric voltage and, thereby, 
communicates the leak chamber with the leak passage 
117. 

[0037] Fig. 3 is an enlarged section view of the portion 
of the fuel injection valve 1 0 around the control chamber 40 
130 and the leak chamber 1 09 in Fig. 2. 
[0038] As can be seen from Fig. 3, the control cham- 
ber 109 and the leak chamber 130 are connected by 
return passages 201 and 203 having throttles 201 a and 
203a, respectively. Further, the control chamber 109 is *s 
connected to the high pressure fuel passage 123 by 
supply passages 207, 209 and a throttle 209a. As shown 
in Fig. 3, the return passage 203 opens to the leak cham- 
ber 1 30 at the position directly below the control valve 
300. Therefore, when the control valve 300 moves to so 
the position where the lower end thereof abuts the floor 
of the leak chamber 1 30, i.e., when the control valve 300 
takes a full lift position, the return passage 203 is 
blocked. On the other hand, the return passage 209 
opens in the leak chamber 1 30 at the position commu- ss 
nicating the leak chamber 130 to the control chamber 
1 09 regardless of the position of the control valve 300. 
In this embodiment, the return passage 201, the leak 



chamber 1 30 and t^^Bk passage 1 1 7 form a spill pas- 
sage for spilling fuerWthe control chamber 1 09 to the 
outside of the housing 101 whilethe return passage 203, 
the leak chamber 130 and the leak passage 117 form 
another spill passage for spilling fuel in the control 
chamber 1 09 to the outside of the housing 1 01 . 
[0039] In the fuel injection valve 10 in this embodi- 
ment, fuel injection is performed by moving the control 
valve 300 by applying an electric voltage to the piezoe- 
lectric actuator 303. The displacement (the lift) of the 
control valve 300 can be controlled, with extremely high 
responsiveness, by adjusting electric voltage applied to 
the piezoelectric actuator 303. In this embodiment, the 
control valve 300 is controlled in such a manner that it 
takes one of the following three positions selectively; 

a closing position in which the control valve 300 
blocks the communication between the leak cham- 
ber 130 and the leak passage 117 (the position in 
Fig. 3); 

a full lift position in which the control valve 300 abuts 
the floor of the leak chamber 130 and blocks the 
communication between the leak chamber 130 and 
the return passage 203 (the position in Fig. 5); and 
a medium lift position in which the control valve 300 
displaces to the position between the closing posi- 
tion and the full lift position where both of the leak 
passage 117 and the return passage 203 are con- 
nected to the leak chamber 130 (the position in Fig. 
4). 

[0040] The modes of the operation of the fuel injection 
valve corresponding to these three positions are ex- 
plained with reference to Figs. 3 to 5. 

(1) Closing position (Fig. 3) 

When the control valve 300 moves to the clos- 
ing position, the leak chamber 130 is isolated from 
the leak passage 117. However, since the control 
chamber 1 09 is connected to the high pressure fuel 
passage 123 through the supply passages 207 and 
209, the pressure of fuel in the control chamber 1 09 
is maintained at a value the same as that of the high 
pressure fuel passage 123. Therefore, the valve 
needle 105 is urged by the pressure in the control 
chamber 109, together with the force of the spring 
111 , and blocks the injection hole 103. Thus, fuel is 
not injected from the fuel injection valve 10 in this 
position. 

(2) Medium lift position (Fig. 4) 

When the control valve 300 takes the medium 
lift position, the leak chamber 130 is connected to 
the leak passage 117. Further, the leak chamber 
130 is also connected to the control chamber 109 
via the return passages 201 and 203 in this position. 
Thus, fuel in the control chamber 1 09 flows into the 
leak chamber 130 through both of the return pas- 
sages 20 1 and 203 and, then , flow out from the leak 
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chamber 130 throi^^Bie leak passage 117. 
Though fuel flows into^recontrol chamber 1 09 from 
the supply passage 209, the pressure in the control 
chamber 1 09 drops rapidly in this condition. When 
the pressure in the control chamber 1 09 decreases 
to the point where the sum of the force exerted to 
the needle 1 05 by the pressure in the control cham- 
ber 109 and the force of the spring 111 becomes 
smaller than the force exerted to the needle 1 05 by 
the pressure in the pressure chamber 1 07, the nee- 
dle 105 is moved and opens the injection hole 103. 
Thus, high pressure fuel in the pressure chamber 
1 07 is injected from the injection hole 103 of the fuel 
injection valve 10. In the medium lift position of the 
control valve 300, since the speed of the pressure 
drop in the control chamber 1 09 is high, the speed 
of the movement of the needle 105 for opening the 
injection hole 1 03 also becomes high. Since the fuel 
injection rate becomes larger as the displacement 
of the needle 105 is larger, the rate of increase in 
the fuel injection rate becomes large when the con- 
trol valve 300 takes the medium lift position. 
(3) Full lift position (Fig. 5) 

When the control valve 300 takes the full lift po- 
sition, the return passage 203 is closed by the con- 
trol valve 300 and the leak chamber 130 and the 
control chamber 109 are connected only by the re- 
turn passage 201 . Therefore, fuel oil flows out from 
the control chamber 109 only through the return 
passage 201 , thereby the rate of pressure drop in 
the control chamber 109 becomes relatively small. 
Thus, the needle 105 moves at a relatively slow 
speed and the rate of increase in the fuel injection 
rate becomes small when the control valve 300 
takes its full lift position. 

[0041] When the control valve 300 returns to its clos- 
ing position in Fig. 3, from either of medium lift position 
(Fig. 4) or full lift position (Fig. 5), the leakage of fuel 
through the leak passage 1 1 7 is stopped since the leak 
passage 1 1 7 is closed by the control valve 300 and the 
rate of pressure drop in the control chamber 1 09 be- 
comes smaller and the pressure in the control chamber 
1 09 increased by fuel oil flow from the return passages 
207 and 209. Thus, when the control valve 300 returns 
to its closed position in Fig. 3, the needle 1 05 is pressed 
against the injection hole 103 and the fuel injection is 
stopped. 

[0042] The speed of the movement of the needle 1 05 
at the full lift position and the medium lift position of the 
control valve 300 can be set by adjusting the sizes of 
the throttles 201a and 203a of the return passage 201 
and 203 and the throttle 209a of the supply passage 209 
in advance. 

[0043] In the embodiment in Fig. 5, the accuracy of 
fuel injection (i.e., the accuracy of fuel injection timing 
and amount) becomes low if the time required for actu- 
ally stopping fuel injection (i.e., the time required for the 
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needle 105 to com^^H^ close the injection hole 103), 
after the control valvHoO returns to the closing position, 
is long. Therefore, it is preferable to raise the pressure 
in the control valve 300 as quickly as possible. It is true 
5 that the rate of pressure rise in the control chamber 1 09 
can be increased by increasing the flow rate of a fuel 
flow into the control chamber 1 09 after the control valve 
300 returning to the closing position by increasing the 
size of the throttle 209a of the supply passage 209. How- 
10 ever, if the flow rate of fuel flow into the control chamber 
1 09 is increased, the rate of pressure drop at the begin- 
ning of fuel injection also becomes smaller and the nee- 
dle lift speed at the beginning of fuel injection becomes 
small. 

15 [0044] Fig. 6 shows another embodiment of the fuel 
injection valve 1 0 which solves this problem. In the em- 
bodiment in Fig. 6, the time required for stopping fuel 
injection after the control valve 300 returns to its closing 
position can be shortened while keeping the lifting 

20 speed of needle 105, at the beginning of fuel injection, 
high. 

[0045] As shown in Fig. 6, a second supply passage 
211, with a throttle 21 1a which connects the return pas- 
sage 203 to the supply passage 207 at the portion up- 

25 stream of the throttle 209a, is provided in this embodi- 
ment. By connecting the supply passage 207 to the sup- 
ply passage 209 through the second supply passage 
209 and the throttle 209a, high pressure fuel always 
flows into the return passage 203 from the high pressure 

30 fuel passage 123. However, since the throttle 203a is 
provided on the return passage 203, the greater part of 
the fuel flowing into the return passage 203 from the sec- 
ond supply passage 21 1 flows into the leak chamber 1 30 
without flowing into the control chamber 109 when the 

35 return passage 203 is not closed (i.e., when the control 
valve 300 is at the medium lift position). In other words, 
the greater part of the fuel supplied from the second sup- 
ply passage 21 1 leaks to the leak passage 1 1 7 from the 
leak chamber 1 30 without flowing into the control cham- 

40 ber 1 09. Therefore, at the medium lift position of the con- 
trol valve 300 where it is preferable to maintain a large 
lifting speed of the needle 105, the lifting speed of the 
needle 105 is substantially the same as that of the em- 
bodiment in Fig. 3. 

45 [0046] On the other hand, when the control valve 300 
is at the full lift position of the closing position, high pres- 
sure fuel supplied from the second supply passage 21 1 
flows into the control chamber 109 through the return 
passage 203 and the throttle 203a. Therefore, in the full 

so lift position of the control valve 300, where it is preferable 
to keep the lifting speed of the needle lower, the lifting 
speed of the needle 1 05 can be set at a lower value than 
that of the embodiment in Fig. 3. Further, since the rate 
of the pressure rise in the control chamber 109 is in- 

55 creased by fuel flowing into the control chamber 109 
from the second supply passage 211 at the closing po- 
sition of the control valve 300, the time required for com- 
pletely stopping fuel injection after the control valve 300 
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is shortened. Thus, the 
rther improved in this em- 



returning to the closing \ 
accuracy of fuel injection I 
bodiment. » , 

[0047] Fig. 7 shows an example of modifications to 
the fuel injection valve 10 in Fig. 6. Though the second s 
supply passage 211 is connected to the return passage 
203 in Fig. 6, the second supply passage 211 is directly 
connected to the leak chamber 130 in this embodiment. 
By connecting the second supply passage 211 directly 
to the leak chamber 130, the machining of the second 10 
supply passage 211 and the throttle 211a thereof can 
be largely simplified compared with the embodiment in 
Fig. 6. 

[0048] As explained above, the fuel injection charac- 
teristics of the fuel injection valve can be changed by is 
operating the control valve 300 only, i.e., no control 
valves other than the control valve 300 is required in the 
fuel injection valve in the embodiment explained in Figs. 
3 to 7. Therefore, the construction of the fuel injection 
valve can be compact and simple according to these 20 
embodiments. Further, since only one control valve is 
necessary to operate the fuel injection valve, only one 
electric source is required and the control system for 
changing fuel injection characteristics of the fuel injec- 
tion valve can be simplified. 25 
[0049] Next, examples of the lifting speed control of 
the needle 1 05 (i.e., the control of the fuel injection char- 
acteristics of the fuel injection valve) using fuel injection 
valves in Figs. 3, 6 and 7 are explained. 
[0050] As explained before, the position of the control 30 
valve 300 can be switched between the closed position, 
the medium lift position and the full lift position freely by 
changing the electric voltage applied to the piezoelectric 
actuator 303 in the fuel injection valves in Figs. 3, 6 and 
7. Further, since the response of the piezoelectric actu- 35 
ator 303 is extremely high, the position of the control 
valve 300 can be switched during a fuel injection period. 
Therefore, the fuel injection characteristics of the fuel 
injection valves in Figs. 3, 6 and 7 can be changed dur- 
ing the operation of the engine in accordance with the 40 
operating condition as explained hereinafter in Figs. 8 
through 12. 

(1) Fig. 8 

Fig. 8 is an example of fuel injection character- 45 
istics employed when the interval between the pilot 
fuel injection and the main fuel injection is relatively 
small. In Fig. 8, the horizontal axis and the vertical 
axis represent time and fuel injection rate, respec- 
tively. In this embodiment, when the interval be- so 
tween the pilot fuel injection and the main fuel in- 
jection is relatively small, (A) the control valve 300 
is held at the medium lift position during the pilot 
fuel injection in order to obtain a high lifting speed 
of needle 1 05 and, (B) the control valve 300 is held ss 
at the full lift position during the main fuel injection 
in order to obtain a relatively low lifting speed of the 
needle 105. 
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By keepiri^^p^h lifting speed, the actual fuel 
injection pressu^^t the injection hole 103 of the 
fuel injection valve (an effective fuel injection pres- 
sure) increases rapidly in the pilot fuel injection and 
a small amount of fuel can be injected at a high 
speed during the pilot fuel injection. Since fuel in- 
jected at a high speed has a large penetration ca- 
pability, injected fuel burns after it reaches the outer 
periphery of the combustion chamber even though 
the amount of fuel injection is small. Therefore, 
when the main fuel injection is performed, fuel in- 
jected by the main fuel injection starts to burn from 
the portion contacting combustion gas formed by 
the pilot fuel injection at the outer periphery of the 
combustion chamber. In other words, combustion 
of fuel injected by the main fuel injection proceeds 
from the outer periphery of the combustion chamber 
toward the center of the combustion chamber. 
Thus, the combustion temperature of fuel injected 
by the main fuel injection becomes low and, thereby, 
formation of NO x is suppressed. 

Further, since the lifting speed of the needle is 
relatively small during the main fuel injection, the 
fuel injection rate at the beginning of the main fuel 
injection is relatively low in the fuel injection char- 
acteristics in Fig. 8. Therefore, in this embodiment, 
timing of the start of the main fuel injection can be 
advanced without worsening the combustion. Thus 
it becomes possible to complete the main fuel injec- 
tion at a relatively early timing before the tempera- 
ture in the combustion chamber is lowered near the 
end of an expansion stroke to, thereby, suppress an 
increase in the smoke in the exhaust gas caused 
by fuel injected during the expansion stroke. 

(2) Fig. 9 

Fig. 9 shows a second embodiment of the fuel 
injection characteristics employed by the fuel injec- 
tion valves of the above-explained embodiments. In 
this embodiment, similarly to Fig. 8, (A) the control 
valve 300 is held at the medium lift position during 
the pilot fuel injection in order to obtain a high lifting 
speed of the needle 105 and (B) the control valve 
300 is held at the full lift position in order to obtain 
a relatively low lifting speed of the needle 1 05 during 
the former half of the main fuel injection. However, 
(c) the control valve 300 is switched from the full lift 
position to the medium lift position at the middle of 
the main injection. By holding the control valve 300 
at the medium lift position during the latter half of 
the main fuel injection, the fuel injection rate is in- 
creased rapidly during the latter half of the fuel in- 
jection in the manner similar to the case where a 
jerk-type fuel injection pump is used. Therefore, the 
main fuel injection completes earlierthan that in Fig. 
8 and the formation of smoke in the exhaust gas is 
further suppressed. 

(3) Fig. 10 

Fig. 10 shows a third embodiment of the fuel 
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injection characterisl^^kployed when the pilot fu- 
el injection is earn ed^Hit timing earlier than Figs. 
8 and 9. In this case, since the pilot fuel injection is, 
carried out in a relatively early period of a compres- 
sion stroke of a cylinder, the pressure and temper- 5 
ature in the combustion chamber is not sufficiently 
high. Further, since the position of the piston is rel- 
atively low in the cylinder when the pilot fuel injec- 
tion is carried out, fuel injected by the pilot fuel in- 
jection is apt to reach the wall of cylinder without 10 
evaporating and to attach to the wall in a liquid form. 
When liquid fuel is attached to the cylinder wall, di- 
lution of the lubricant and worsening of the lubrica- 
tion of piston rings due to the liquid fuel may occur. 

In order to prevent these problems, control is 
valve 300 is held at the full lift position when the ear- 
ly pilot fuel injection is carried out. By keeping the 
control valve 300 at the full lift position during the 
early pilot fuel injection, since the rate of increase 
in the effective fuel injection pressure becomes 20 
smaller, fuel injected by the pilot fuel injection forms 
a spray having a low penetration and, thereby, fuel 
injected by the pilot fuel injection does not reach the 
cylinder wall in the liquid form. Thus, the problems 
caused by the liquid fuel attached to the cylinder 25 
wall do not occur. 

(4) Fig. 11 

Fig. 11 shows a fourth embodiment of the fuel 
injection characteristics of fuel injection valves 
when a post fuel injection is carried out. A post fuel 30 
injection is a fuel injection carried out after a main 
fuel injection is completed. The post fuel injection is 
required when the amount of fuel injection is exces- 
sively large and may cause an increase in the 
smoke in the exhaust gas due to incomplete com- 35 
bustion. In this case, since the post fuel injection is 
carried out during the expansion stroke of the cyl- 
inder where the position of the piston is low in the 
cylinder and the pressure and temperature in the 
cylinder is lowered, problems due to the attachment 40 
of liquid fuel to the cylinder wall may occur. There- 
to re, similarly to the case in Fig. 10, the control valve 
300 is held at the full lift position during the post fuel 
injection in this case. By holding the control valve 
300 at the full lift position, fuel injected during the *s 
post fuel injection forms spray having a low pene- 
tration, and the attachment of liquid fuel to the cyl- 
inder wall does not occur. 

(5) Fig. 12 

Fig. 1 2 shows a fifth embodiment of the fuel in- so 
jection characteristics of the fuel injection valves. 

In this embodiment, (A) the control valve 300 is 
first switched to the medium lift position at the be- 
ginning of fuel injection and, (B) the control valve 
300 is again switched to the full lift position when 55 
the needle 105 starts to lift. In the first and second 
embodiments of the fuel injection characteristics 
(Figs. 8 and 9), the control valve 300 is held at the 



full lift positior^^A beginning of the fuel injection 
in order to obta^ra relatively low fuel injection rate 
at the beginning of the fuel injection. However, as 
explained in Figs. 3 and 5, the rate of decrease in 
the pressure in the control chamber 1 09 becomes 
low when the control valve 300 is at the full lift po- 
sition since fuel leaks from the control chamber 1 09 
only through the return passage 201 (Fig. 5) in this 
position. Therefore, a relatively longtime is required 
before the pressure in the control chamber 1 09 be- 
comes low enough to start the lifting of the needle 
from the time when a fuel injection command signal 
is received (i.e., an electric voltage is applied to the 
piezoelectric actuator 303). This causes a relatively 
large delay of the actual start of the fuel injection 
after the fuel injection command signal is received. 
When the delay time becomes large, since the de- 
viation of the actual fuel injection timing and amount 
from target values becomes large, the accuracy of 
fuel injection becomes low. 

Therefore, in order to reduce the delay of the 
actual start of the fuel injection, the control valve 
300 is first held at the medium lift position in this 
embodiment. When the control valve 300 is held at 
the medium lift position, since fuel in the control 
chamber 109 flows out from both return passages 
201 and 203, the pressure in the control chamber 
109 drops rapidly and, thereby, the needle 105 
starts to lift a short time after the fuel injection com- 
mand is received. Thus, by holding the control valve 
300 at the medium lift position at the beginning of 
the fuel injection, the delay of the actual start of the 
fuel injection is reduced in this embodiment. Fur- 
ther, the control valve 300 is switched to the full lift 
position once the needle starts to lift in this embod- 
iment. By switching the position of the control valve 
300 to the full lift position , the lift speed of the needle 
becomes low after it starts to lift. Therefore, the in- 
crease in the fuel injection rate after the fuel injec- 
tion starts becomes low and the fuel injection rate 
at the beginning of the fuel injection is maintained 
at a low value. 

The period between the time when the needle 
starts to lift and the time when the fuel injection com- 
mand is received changes in accordance with the 
pressure in the control chamber 109 (i.e., the com- 
mon-rail pressure). In this embodiment, the time re- 
quired for the needle to start to lift is determined by 
experiment using an actual fuel injection valve. In 
this experiment, fuel injections are carried out while 
the control valve 300 is held at the medium lift po- 
sition and the time required for the needle 105 to 
start to move is measured under various common- 
rail pressures and the relationship between the 
common-rail pressure and the time required before 
the actual start of the fuel injection is stored in the 
ECU 20 in the form of a numerical table. 

In the fuel injection control carried out by the 
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ECU 20, the time re^^H before the actual start of 
the fuel injection is SWmined from the common- 
rail pressure using the numerical table explained 
above. At the beginning of the fuel injection, the 
ECU 20 holds the control valve 300 at the medium 5 
lift position for the above-noted time period and, af- 
ter this time period lapsed, switches the position of 
the control valve 300 to the full lift position. Thus, 
the delay of the actual start of the fuel injection is 
largely reduced in this embodiment. 10 

Further, though the time required before the ac- 
tual start of the fuel injection is determined from the 
numerical table based on the actual measurement, 
if the fuel injection valve is equipped with a needle 
lift sensor which detects the amount of lift of the nee- is 
die 1 05, or a needle lift timing sensor which detects 
that the needle 1 05 has started to lift, the switching 
of the control valve 300 from the medium lift position 
to the full lift position can be carried out when the 
start of the needle lifting is detected by one of the 20 
above noted sensors. This further increases the ac- 
curacy of the fuel injection. 

Next, embodiments of the construction of the 
fuel injection valve according to the present inven- 
tion, which are different from those in Figs. 3, 6 and 25 
7, will be explained with reference to Figs. 13 and 
14. 

As can be seen from Figs. 1 3 and 1 4, the con- 
struction of the fuel injection valve in this embodi- 
ment is different from that in Fig. 3 in that the supply 30 
passage 209 is connected to the leak chamber 1 30 
instead of the control chamber 1 09. In the construc- 
tion in Fig. 3, since the supply passage 209 is con- 
nected to the control chamber 109, fuel flows into 
the control chamber 1 09 from the supply passage 3s 
209 even when the fuel in the control chamber 1 09 
flow out therefrom through the return passages 201 
and 203 (or from the return passage 201 only). 

Therefore, a relatively large amount of fuel 
flows into the control chamber 1 09 from the supply *o 
passage 209 especially when the common-rail 
pressure (i.e., the pressure in the high pressure fuel 
passage 123) is high. On the other hand, the 
amount of fuel flows out from the control chamber 
1 09 becomes relatively small, especially when the *s 
control valve 300 is at the full lift position. In this 
case, therefore, the amount of fuel flows into the 
control chamber 1 09 through the supply passage 
209 must be reduced to a value less than the 
amount of fuel flowing out from the control chamber so 
1 09 through the return passage 201 in order to per- 
form the fuel injection. Thus, the throttle 209a is dis- 
posed on the supply passage 209 in Fig. 3 in order 
to reduce the amount fuel flowing into the control 
chamber 109. ss 

However, in the construction in Fig. 3, it is diffi- 
cult to determine the size of throttle 209a in the sup- 
ply passage 209. If the size of the throttle 209a is 



determined in^^n manner that the amount of fuel 
flowing througlffle supply passage 209 is reduced 
to an appropriate value when the common-rail pres- 
sure (i.e. , the pressure in the high pressure fuel pas- 
sage 123) is high, the amount of fuel flowing into 
the control chamber 109 through the supply pas- 
sage 209 becomes excessively small when the 
common-rail pressure is low. This causes a delay 
in the timing of stopping fuel injection and lowers 
the accuracy of fuel injection. 

The embodiment in Fig. 13 solves this problem 
by connecting the supply passage 209 to the leak 
chamber 130. By connecting the supply passage 
209 to the leak chamber 130, fuel flowing through 
the supply passage 209 flows into the leak chamber 
130 and is discharged from the leak passage 117 
during the fuel injection (i.e. , when the control valve 
300 is at the medium lift position or full lift position) 
without flowing into the control chamber 109. Thus, 
according to the present invention, the start of the 
fuel injection (i.e., the movement of the needle 105) 
is not affected by the fuel flowing through the supply 
passage 209. Further, when the control valve 300 
is in the closed position, fuel flowing into the leak 
chamber 130 from the supply passage 209 further 
flows into the control chamber 1 09 through both re- 
turn passages 201 and 203. Therefore, the pres- 
sure in the control chamber 1 09 increases in a short 
time even if the common-rail pressure is low. Thus, 
the accuracy of the fuel injection is maintained even 
when the fuel injection pressure (the common-rail 
pressure) is low. 

In this embodiment, if the size (the diameter) of 
the supply passage 209 is too small, the end of the 
fuel injection will be delayed. Further, if the size of 
the supply passage 209 is too large, since the 
amount of fuel discharged through the leak passage 
117 increases during the fuel injection, the energy 
loss in the fuel pump increases. Therefore, it is pref- 
erable to determine the size of the supply passage 
209 based on experiment in such a manner that the 
size of the supply passage 209 is suitable for all op- 
erating conditions of the engine. 

Fig. 14 shows an example of a modification of 
the embodiment in Fig. 13. In Fig. 14, although the 
supply passage 209 is also connected to the leak 
chamber 130, a second supply passage 213 con- 
necting the high pressure fuel passage 213 to the 
control chamber 109 is provided in addition to the 
supply passage 209. Further, a throttle 213a is dis- 
posed on the second supply passage 213 in order 
to reduce the amount of fuel flowing into the control 
chamber 109. In this embodiment, as can be seen 
from Fig. 1 4, fuel flows into the control chamber 1 09 
through the second supply passage 21 3 even when 
the control valve 300 is at medium lift position orfull 
lift position and fuel flows out from the control cham- 
ber 109 through the return passages 201 and 203. 
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ECU 20, the time rec^^fc before the actual start of 
the fuel Injection is a^Wnined from the common- 
rail pressure using the numerical table explainecj 
above. At the beginning of the fuel injection, the 
ECU 20 holds the control valve 300 at the medium 5 
lift position for the above-noted time period and, af- 
ter this time period lapsed, switches the position of 
the control valve 300 to the full lift position. Thus, 
the delay of the actual start of the fuel injection is 
largely reduced in this embodiment. ™ 

Further, though the time required before the ac- 
tual start of the fuel injection is determined from the 
numerical table based on the actual measurement, 
if the fuel injection valve is equipped with a needle 
lift sensor which detects the amount of lift of the nee- 1$ 
die 1 05, or a needle lift timing sensor which detects 
that the needle 1 05 has started to lift, the switching 
of the control valve 300 from the medium lift position 
to the full lift position can be carried out when the 
start of the needle lifting is detected by one of the 20 
above noted sensors. This further increases the ac- 
curacy of the fuel injection. 

Next, embodiments of the construction of the 
fuel injection valve according to the present inven- 
tion, which are different from those in Figs. 3, 6 and 25 
7, will be explained with reference to Figs. 13 and 
14. 

As can be seen from Figs. 13 and 14, the con- 
struction of the fuel injection valve in this embodi- 
ment is different from that in Fig. 3 in that the supply 30 
passage 209 is connected to the leak chamber 1 30 
instead of the control chamber 1 09. In the construc- 
tion in Fig. 3, since the supply passage 209 is con- 
nected to the control chamber 109, fuel flows into 
the control chamber 109 from the supply passage 35 
209 even when the fuel in the control chamber 1 09 
flow out therefrom through the return passages 201 
and 203 (or from the return passage 201 only). 

Therefore, a relatively large amount of fuel 
flows into the control chamber 1 09 from the supply 40 
passage 209 especially when the common-rail 
pressure (i.e., the pressure in the high pressure fuel 
passage 123) is high. On the other hand, the 
amount of fuel flows out from the control chamber 
1 09 becomes relatively small, especially when the 45 
control valve 300 is at the full lift position. In this 
case, therefore, the amount of fuel flows into the 
control chamber 109 through the supply passage 
209 must be reduced to a value less than the 
amount of fuel flowing out from the control chamber so 
1 09 through the return passage 201 in order to per- 
form the fuel injection. Thus, the throttle 209a is dis- 
posed on the supply passage 209 in Fig. 3 in order 
to reduce the amount fuel flowing into the control 
chamber 109. 55 

However, in the construction in Fig. 3, it is diffi- 
cult to determine the size of throttle 209a in the sup- 
ply passage 209. If the size of the throttle 209a is 



determined in manner that the amount of fuel 

flowing througr^rre supply passage 209 is reduced 
to an appropriate value when the common-rail pres- 
sure (i.e., the pressure in the high pressure fuel pas- 
sage 123) is high, the amount of fuel flowing into 
the control chamber 109 through the supply pas- 
sage 209 becomes excessively small when the 
common-rail pressure is low. This causes a delay 
in the timing of stopping fuel injection and lowers 
the accuracy of fuel injection. 

The embodiment in Fig. 13 solves this problem 
by connecting the supply passage 209 to the leak 
chamber 130. By connecting the supply passage 
209 to the leak chamber 130, fuel flowing through 
the supply passage 209 flows into the leak chamber 
130 and is discharged from the leak passage 117 
during the fuel injection (i.e., when the control valve 
300 is at the medium lift position or full lift position) 
without flowing into the control chamber 109. Thus, 
according to the present invention, the start of the 
fuel injection (i.e., the movement of the needle 105) 
is not affected by the fuel flowing through the supply 
passage 209. Further, when the control valve 300 
is in the closed position, fuel flowing into the leak 
chamber 130 from the supply passage 209 further 
flows into the control chamber 109 through both re- 
turn passages 201 and 203. Therefore, the pres- 
sure in the control chamber 1 09 increases in a short 
time even if the common-rail pressure is low. Thus, 
the accuracy of the fuel injection is maintained even 
when the fuel injection pressure (the common-rail 
pressure) is low. 

In this embodiment, if the size (the diameter) of 
the supply passage 209 is too small, the end of the 
fuel injection will be delayed. Further, if the size of 
the supply passage 209 is too large, since the 
amount of fuel discharged through the leak passage 
117 increases during the fuel injection, the energy 
loss in the fuel pump increases. Therefore, it is pref- 
erable to determine the size of the supply passage 
209 based on experiment in such a manner that the 
size of the supply passage 209 is suitable for all op- 
erating conditions of the engine. 

Fig. 14 shows an example of a modification of 
the embodiment in Fig. 13. In Fig. 14, although the 
supply passage 209 is also connected to the leak 
chamber 130, a second supply passage 213 con- 
necting the high pressure fuel passage 213 to the 
control chamber 1 09 is provided in addition to the 
supply passage 209. Further, a throttle 213a is dis- 
posed on the second supply passage 213 in order 
to reduce the amount of fuel flowing into the control 
chamber 109. In this embodiment, as can be seen 
from Fig. 14, fuel flows into the control chamber 109 
through the second supply passage 213 even when 
the control valve 300 is at medium lift position orfull 
lift position and fuel flows out from the control cham- 
ber 109 through the return passages 201 and 203. 
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Therefore, the size o^^Mrottle 21 3a of the second 
supply passage 213 iWffat a relatively small value 
so that the pressure in the control chamber 1 09 de : 
creases at a reasonable rate when the control valve 
300 is switched to the medium lift position or the full 
lift position even when the common-rail pressure is 
high . On the other hand, when the control valve 300 
is switched to the closed position, fuel flows into the 
control chamber 109 through the second supply 
passage 213 as well as from the supply passage 
209 via the return passages 201 and 203. There- 
fore, the rate of the pressure increase in the control 
chamber 109 becomes large and the delay in the 
closing of the fuel injection valve (the delay in the 
stopping of the fuel injection) can be reduced. 

As explained above, according to the present 
invention, the construction of the fuel injection valve 
is simple and compact and the desired fuel injection 
characteristics can be easily obtained, in accord- 
ance with the operating condition of the engine, 
when used in a common-rail fuel injection system. 

[0051] A fuel injection valve is provided with a valve 
needle which is urged by the pressure of fuel in a control 
chamber to a closed position where the valve needle 
closes the fuel injection hole. A supply passage with a 
throttled portion connects a high pressure fuel passage 
to the control chamber. The control chamber is connect- 
ed to a leak chamber by two return passages. The leak 
chamber has a leak passage for spilling fuel in the leak 
chamber to the outside of the fuel injection valve. A con- 
trol valve is provided in the leak chamber. The control 
valve is capable of taking any of a closed position where 
the leak passage is closed, a medium lift position where 
the leak passage and two return passages are opened, 
and a full lift position where the leak passage and only 
one return passage are opened. In the closing position 
of the control valve, the pressure in the control chamber 
is high and the valve needle is kept at the closing posi- 
tion. In the medium lift position and the full lift position, 
fuel in the control chamber is spilled through the leak 
passage via return passages and the leak chamber. 
This causes the valve needle to move to the position 
where the fuel injection hole is opened. However, at the 
full lift position, since only one return passage is opened, 
the rate of the pressure drop in the control chamber is 
smaller and the speed of the lift of the valve needle is 
lower. Therefore, the fuel injection characteristics can 
be changed by switching the position of the control valve 
between the medium lift position and the full lift position 
during fuel injection. 



Claims 

1 . A fuel injection valve (10) comprising: 

a housing (101) provided with a fuel injection 



hole (1 05^^Re end thereof; 
a high pre^Be fuel passage (123) connected 
to the fuel injection hole; 
a valve needle (105) for opening and closing 
5 the fuel injection hole; 

a control chamber (109) formed in the housing 
at an end of the valve needle opposite to the 
fuel injection hole; 

a supply passage (207, 209) connecting the 

10 high pressure fuel passage and the control 

chamber for supplying high pressure fuel to the 
control chamber so that the pressure in the con- 
trol chamber urges the valve needle toward a 
position where the valve needle closes the fuel 

15 injection hole; 

at least two spill passages (201, 130, 117 and 
203, 130, 117) connected to the control cham- 
ber for lowering the pressure in the control 
chamber by spilling fuel in the control chamber 

20 to the outside of the housing so that the valve 

needle moves towards a position where the 
valve needle opens the fuel injection hole; 
a control valve (300) for opening and closing 
the spill passages, the control valve being ca- 

25 pable of taking either of a first position where 

all of the spill passages are closed, a second 
position where at least one of the spill passages 
(201, 130, 117) is opened and at least one of 
the spill passages is closed and a third position 

30 where all of the spill passages are opened. 

2. A fuel injection valve (10) as set forth in claim 1, 
wherein at least one of the spill passages (201 , 1 30, 
117 and 203, 130, 117) is provided with a throttled 

35 portion (201 a, 203a) at the portion between the con- 
trol chamber and the control valve for restricting fuel 
flowing therethrough and the high pressure fuel 
passage is connected to the at least one of the spill 
passage at the portion between the throttled portion 

40 and the control valve. 

3. A fuel injection valve (10) comprising: 

a housing (101) provided with a fuel injection 
45 hole (1 03) at one end thereof; 

a high pressure fuel passage (123) connected 

to the fuel injection hole; 

a valve needle (105) for opening and closing 

the fuel injection hole; 
50 a control chamber (1 09) formed in the housing 

at an end of the valve needle opposite to the 

fuel injection hole; 

a leak chamber (130) connected to the control 
chamber through at least two return passages 
55 (201,203); 

a leak passage (117) connecting the leak 
chamber to a low pressure portion outside of 
the housing; 



BEST AVAILABLE COPY 



21 



EP1 164 283 A2 



22 



a 




I9) connecting the high 




pressure fuel pasSB® and tne ,eak chamber for 
supplying high pressure fuel to the leak cham- 
ber; and 

a control valve (130) disposed in the leakcham- s 
ber and provided with a valve element for clos- 
ing and opening the leak passage; 
the control valve is capable of taking either of 
a first position where the valve element closes 
the leak passage while opening all of the return 10 
passages, a second position where the valve 
element opens the leak passage while closing 
at least one of the return passages (203) and 
opening at least one of the return passages 
(201) and a third position where the valve ele- is 
ment opens the leak passage and all of the re- 
turn passages, wherein; 
when the control valve takes the first position, 
fuel flowing into the leak chamber from the sup- 
ply passage flows into the control chamber 20 
through all of the return passages, thereby the 
pressure in the control chamber increases and 
urges the valve needle toward a position where 
the valve needle closes the fuel injection hole, 
and; 25 
when the control valve takes either of the sec- 
ond position and the third position, fuel flowing 
into the leak chamber from the supply passage 
flows out from the leak chamber through the 
leak passage and, simultaneously, fuel in the 30 
control chamber flows out from the control 
chamber and is spilled to the outside of the 
housing via the leak chamber and the leak pas- 
sage, thereby the pressure in the control cham- 
ber decreases and allows the movement of the 35 
valve needle toward a position where the valve 
needle opens the fuel injection hole. 

4. A fuel injection valve (10) as set forth in claim 3, 
further comprises a second supply passage (213) 40 
with a throttled portion (213a) directly connecting 
the high pressure fuel passage (123) to the control 
chamber (109). 



45 



50 



55 



BEST AVAILABLE COPY 



EP 1 164 283 A2 



Fig. 3 




105 



EP 1 164 283 A2 



Fig. A 




105 



EP1 164 283 A2 




EP1 164 283 A2 




Fig. 6 




EP1 164 283 A2 



Fig.7 




105 




Fig.9 



MEDIUM 
LI 



MEDIUM 
LIFT 



PILOT FUEL 
INJECTION \ >n 




MAIN FUEL 
INJECTION 



Fig. 10 



FULL LIFT 



FULL 
LIFT 



PILOT FUEL 
INJECTION 




MAIN FUEL 
INJECTION 



EP1 164 283 A2 




• t 



Fig.11 



FULL LIFT 

K 2H 




MAIN FUEL 
INJECTION 



FULL 
LIFT 



POST FUEL 
l^ v- INJECT ION 



Fig.12 



MEDIUM 
LIFT 



FULL LIFT 




EP 1 164 283 A2 





EP 1 164 283 A2 




